Abstract-The study of radioactive ion beams (RIBs) is currently the main direction in the development of low-energy nuclear physics. In this work, consideration is given to the concept and the research agenda of the promising accelerator-storage ring complex for RIB research, which is a proposed international megaproject on the basis of the Flerov Laboratory of Nuclear Reactions (FLNR), JINR [1] . The motivation of the new project is described and the RIB production characteristics of the complex are briefly presented, which are comparable in some aspects with the characteristics of advanced world centers known as RIB factories. In this project, emphasis is placed on investigating short-lived RIBs in storage rings. One unique feature of the project is the possibility of studying the interaction between electrons and radioactive isotopes in a collider experiment for determining fundamental properties of nuclear matter such as electromagnetic form factors of exotic nuclei.
INTRODUCTION
The properties, structure, and transformation of atomic nuclei are subject matters of fundamental nuclear physics studies. Comprehending the structure of atomic nuclei is necessary for describing and predicting astrophysical processes, including nucleosynthesis, and developing methods for describing various phenomena in which nuclear structure plays a crucial role. Considerable progress has already been made in this field, but we are still far from achieving the goal. Over the entire history of nuclear physics, more than 3000 radioactive isotopes (RIs) have been synthesized. According to various theoretical estimations, there may be another 2000 to 3000 isotopes that have not been observed and investigated so far (see Fig. 1 ). Thus, we still have no answer even to the fundamental nuclear-physics question as to where the boundary of nuclear stability runs in the larger part of the map of nuclides. The position of the nuclear stability boundary is known for light nuclei (Z < 32 or N < 20), but even here our knowledge is almost entirely kept within the nuclear stability boundary, and thus we have no answer to the most important question of where the limits of nuclear structure existence are on the map of nuclides.
To solve these and other fundamental problems, it is necessary to study unstable isotopes synthesized under laboratory conditions. For this reason, the construction of RIB factories is now the main direction in low-energy nuclear physics development. An analysis of the situation shows that one of the most important and promising directions, the construction of RIB storage ring complexes with the ultimate goal of investigating the properties of exotic nuclei in collider experiments with RIB-electron collisions, is not included in modern RIB factory projects now under implementation. The development of this direction will obviously result in Russian and world science achieving the most important results with relatively modest financing.
DERICA CONCEPT AND RESEARCH PROGRAM According to the DERICA concept [1] , RIs separated by the DFS (DERICA Fragment Separator, see Fig. 2 ) are stopped in the gas cell, accumulated in the ion trap, and transferred to the ion source ({gas cellion trap-ion source/charge breeder} system) that forms the maximum high charge state for further efficient acceleration. It is planned to use the LINAC-30 accelerator for the energy ~30 MeV/nucleon. Some objectives require higher energies. For this purpose, the ion energy will be quite quickly increased from ~30 to ~300 MeV/nucleon using a booster, the FRR (Fast Ramping Ring) synchrotron with the maximum magnetic field variation rate. Depending on the postaccel- Fig. 1 . Illustration of global structures on the map of nuclides according to [2] . The map of nuclides is a nuclear-physics analogue of the periodic table of elements. In atomic physics, the main laws are related to the systematics of the filling of atomic orbitals by electrons. In nuclear physics, similar dependences are related to the filling of nuclear orbitals by two types of particles, protons and neutrons. Horizontal and vertical bands correspond to the magic numbers of protons Z and neutrons N (according to the shell model of the nucleus). eration scheme (LINAC-30 alone or LINAC-30 + FRR), the time before injection to the experimental ring CR will be 0.1 to 1.0 s. Compared to the earlier proposed approaches, the DERICA concept gives an appreciable gain in the time elapsing before measurements begin, which may be critical for investigating short-lived RIs (T 1/2 < 1-5 s).
RADIATION PROBLEMS IN ACCELERATORS PHYSICS
Basic DERICA components will be situated in a free area at JINR (see Fig. 3 ). The project is to be implemented stage by stage (Figs. 2, 4 ). R&D and experiments at stage 1 will be carried out using the ACCULINNA-2 fragment separator recently built at FLNR's U400M accelerator [3, 4] . The use of the existing scientific infrastructure at FLNR will speed up and technologically secure the project, since it will allow the key technologies of RIB formation and postacceleration to be optimized.
The ultimate goal of the DERICA project is to measure charge form factors of RIs [5] and, in particular, determine their charge radii (Figs. 5, 6 ). In addition, implementation of the project will open up exceptional possibilities for advanced studies in other areas of modern nuclear and atomic physics. In brief, these are the synthesis of new isotopes, the measurement of masses and lifetimes of new nuclei, studies of the structure and radioactive decays of exotic nuclei and resonances, the measurement of cross sections for astrophysics purposes, the production of heavy nuclei, studies of fission barriers, and atomic-physics research with almost completely stripped ions. One specific feature of the project is the wide possibility of conducting both fixed-target experiments (experimental hall 3) and storage-ring experiments (CR) with postaccelerated RIBs. Three physically important energy ranges will be available: (i) E RIB ~ 5-10 MeV/nucleon, near-barrier and resonance reactions, (ii) E RIB ~ 20-30 MeV/nucleon, intermediate-energy direct reactions (stripping, transfer, pickup, etc.), (iii) E RIB ~ 100-300 MeV/nucleon, and high-energy direct reactions (stripping, elastic scattering, quasifree scattering, etc.). The stage-by-stage implementation of the DERICA project (Figs. 2, 4 ) (ii) Stage 1 (see Fig. 4 ): the equipment of the {gas cell-ion trap-ion source/charge breeder} system is mounted in zone F6 of ACCULINNA-2, and the RIB postacceleration system based on LINAC-30 is put into operation. Experiments with RIBs in electromagnetic traps are carried out, and reactions with highquality postaccelerated RIBs are studied in energy ranges of 5-10 and 20-30 MeV/nucleon. 5 . Status of the studies of nuclear charge radii according to [6] . Charge radii of about 900 out of about 3100 known isotopes have been measured. The colored area corresponds to the range of nuclear-stable isotopes according to the estimations [7] made under the assumption that nuclear radii behave as ~A 1/3 . Isotope-related nonuniformity of the available information and N-related complex nuclear structure effects are easily seen. Fig. 2) : equipment of the {gas cell-ion trap-ion source/charge breeder} system is moved from ACCULINNA-2 to the DFS, and the FRR synchrotron is constructed. High-quality postaccelerated RIBs with energy easily varied in the range of 5 to 300 MeV/nucleon become available in the EH-3 experimental hall.
(v) Stage 4 (CR): experiments can be conducted in three independent experimental halls of the CR ring, including the electron-ion collider.
CONCLUSIONS
The study of radioactive isotopes is now one of most extensively developing fields in low-energy nuclear physics. The DERICA project will allow a powerful accelerator-storage ring complex to be constructed at JINR, which will not only be among the world's leading facilities for RI studies in a number of parameters, but also provide unique research opportunities for specialists from Russia and JINR Member States, as well as foreign partners. The ultimate goal of the project and one of these unique global opportunities will be the program for research of properties of exotic nuclei in collider experiments with collisions of electrons and radioactive isotopes. The DERICA project is also aimed at solving a wide range of problems in modern nuclear, atomic, and applied physics [1] . Russia is taking a prominent part in the international FAIR (Facility for Antiproton and Ion Research) project aimed at constructing an advanced RIB factory in Germany [8] . However, it seems necessary to create and maintain a full infrastructure for advanced RIB studies in our country as well.
